Some plant families have a specialized type of pollination system, with floral lipid rewards for pollinators, which is common. In neotropical Malpighiaceae species like Pterandra pyroidea, this specialized type of pollination system is apparently shifting from floral oils/lipids to pollen reward. Mass spectrometric analysis (GC/MS-EI) indicated that P. pyroidea floral oil has a unique chemical composition, i.e., few fatty acid constituents possessing acetoxy groups at positions 5 and 7, which is distinct from the other floral oils of sympatric Malpighiaceae species. The structure of the major floral oil constituent, a novel fatty acid, anti-5,7-diacetoxydocosanoic acid, was confirmed based on synthesis, mass fragmentation, and 1 H and 13 C NMR analyses; the compound is herein named pterandric acid.
Pollination is the main phenomenon in plant reproduction and 70% of all plants depend on animal vectors to transport their gametes between individuals, a symbiosis called pollination. To ensure pollination and produce offspring, plants offer resources to attract visitors looking for protein and carbohydrates to survive. Nectar and pollen are common floral rewards while floral oils, floral waxes, and resins are rare and only available in few plant families [1] [2] [3] [4] .
The chemical constituents of floral oils belonging to various Malpighiaceae species are either fatty acids with two acetoxy residues or acyl glycerols with one fatty acid moiety. Similar floral oil constituents were reported in Orchidaceae, Scrophulariaceae and Krameriaceae [4] [5] [6] [7] [8] [9] [10] .
Pterandra pyroidea is the only species at the site of study in the genus occurring in Brazilian Cerrado, in populations consisting of individuals with either exclusively glandular, eglandular flowers or reduced number of elaiophores., i.e., oil producing and oil-less flowers. Capellari demonstrated that this species is apparently shifting from a specialized toward a generalized pollination system changing from oil to pollen floral reward [11] . This pollination shift is in agreement with J. Memmott statements, "it is a generalization that prevails in the field, with most plants having a number of pollinators and most pollinators have a number of plants" and thus plant-pollinator interactions give rise to a complex food web [12] . To better evaluate the relationship between the floral oil and the biological process, i.e., Pollination Shift, we proposed first a full chemical characterization of P. pyroidea floral oil, which was previously evaluated by GC-MS. The major component, pterandric acid, was isolated and characterized using 1 H and 13 C NMR spectroscopy. The anti 5,7-diacetoxy stereochemistry of this novel floral oil was obtained by synthesis The abundance and lack of substitution at the β-position of this fatty acid were associated with the change in pollinator attraction.
The crude ethyl acetate extract of elaiophores suggests an average of 0.02 mg/elaiophore of floral oil. Initial infrared spectroscopic and thin layer chromatographic (TLC) analyses of crude floral oils demonstrated the presence of fatty acid derivatives (Rf. 0.1, ethyl acetate/n-hexane 1/9). Therefore, crude floral oils were subjected to methylation using diazomethane as the methylating agent. The methylated floral oils were further analyzed by GC/EI-MS [8] . The total ion chromatogram (TIC) profile of the crude P. pyroidea floral oil ( Figure 1 ) demonstrated the presence of one major constituent (Component 3, 86% relative abundance). The mass spectra of peak numbers 1 and 2 of the GC/MS-EI chromatogram coincided 99% with the methyl ester derivatives of docosanoic acid and tetracosanoic acid in the Wiley mass spectral library. Table 1 .
The mass spectra of 3 and 4 in the GC/MS-EI chromatogram ( Figure 2 ) displayed a base peak at m/z 43 and characteristic peaks at m/z 131, 173, 157 and 259. From the proposed mass fragmentation pathway, the structural formulae for components 3 and 4 were deduced. They were substituted methyl esters of long chain carboxylic acids possessing 22 and 24 carbon atoms, respectively, both with acetoxy residues at C5 and C7 ( Figure 3 ). As the oil was methylated before analysis, the natural products are the corresponding free fatty acids. Pure 3 (2.6 mg of methylated carboxylic acid) was obtained by silica column chromatography and characterized by 1 H NMR spectroscopy. The spectrum revealing the presence of two multiplets at δ 2.35 and 4.92 ppm corresponding to 2H each, and were assigned to the α-carbonyl (H-2 and H-2) and carbinolic protons (H-5 and H-7), respectively. Moreover, 'two double, doublets of doublets (ddd) at δ 1.71 and 1.88 ppm were assigned to H-6 diastereotropic protons ( Table 1) . The 13 C spectrum depicted 3 signals at δ 173.7, 170.7 and 170.6 ppm and these were assigned to 3 carbonyls; the two signals at 70.8 and 71.2 ppm were assigned to carbinol carbon atoms C-5 and C-7, respectively. The molecular ion of 3 was not obtained by GC/MS-EI. However, the HPLC-ESI-MS produced a quasi-molecular ion [M+Na] at m/z 493.3510, consistent with the molecular formula NaC 27 H 50 O 6 . Thus we suggested that 3 was a 5,7-diacetoxydocosanoic acid methyl ester. Consequently the natural product, which is the corresponding carboxylic acid, is a new fatty acid of Pterandra pyroidea floral oil and is here named pterandric acid.
Notwithstanding the spectral characterization, the relative configuration of C-5 and C-7, the two chiral centers of 3, was not determined. Thus we developed a practical regioselective synthetic route (Scheme 1) to construct both anti and syn disastereomers of 3 5,7-diacetoxy substituted fatty acid, thus providing both standards to determine the natural product configuration. The key synthetic step, to the 5,7-disubstituted fatty acid 3, was a Claisen type condensation reaction, i.e., using 2-heptadecanone and methyl 5chloro-5-oxovalerate, in the presence of LDA and following the literature procedures [13] (Scheme 1) Scheme 1: Proposed synthetic pathway for pterandric acid (a). LDA, THF, -78˚C, 2 h (37% after purification) (b) NaBH 4 , CH 3 OH, rt, 20 min, 78% (c) Pyridine, acetic anhydride, rt, 24 h, 95%.
The resulting 5,7-diketone (1) was fully characterized by 1 H and 13 C NMR, IR and MS and finally reduced to diols 2a and 2b using NaBH 4 (Scheme 1). The GC-MS chromatogram revealed the two diastereomers (syn and anti) in a 2:1Aa ( Figure 4 ). Both diols were separated by silica column chromatography eluted with n-hexane: ethyl acetate 50% (2a R f =0.28 and 2b R f = 0.33 silica TLC eluted with n-hexane: ethylacetate 50%). Based on Zhao's observations [14] , 1,3-syn-diols should elute first. In the present case 2b should be the 3,5-syn-diol. For a more convincing proof, we followed Rychnovsky procedure [15] converting 2a and 2b to acetonides 4a and 4b and characterizing them by 13 C NMR and comparing the chemical shifts of the geminated methyl and ketal groups of 4a and 4b with those reported in the literature [15, 16] . The observed 13 C chemical shifts confirmed the proposed anti-relative configuration of 4a because anti acetonides have methyl chemical shifts in the range of 24-25 ppm and ketal carbon chemical shifts at 100.6 ppm. The 2a (5,7-anti-diol) and 2b (5,7-syn-diol) were acetylated into 3a and 3b and their retention times in the GC-MS analyses (3a, anti, 37.44 min; 3b, syn 37.53 min) were compared with the retention time of natural pterandric acid methyl ester (37.44 min) ( Figure  4B ). It is worth mentioning that the rule of 5,7-hydroxy anti preceding the syn-diols in column chromatography does not apply to the 5,7-diacetoxy anti and syn in gas chromatography. This analysis also revealed that only the anti diastereomer was present in P. pyroidea floral oil [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Now, in the light of this common trait, P. pyroidea became an interesting example because this species secretes only 5,7disubstituted fatty acids . Thus probably lack of substitution at the β-position is a chemical clue to the pollination shift of this species and the smaller visitation frequency of oil collecting bees. Indeed Cappellari et al. [11] have shown that the main pollinators of P. pyroidea are bumble bees that forage nectar and pollen instead of oils [11] .
Notwithstanding the above mentioned facts and our hypothesis on the importance of substituents at the β-position, the presence of pterandric acids in the crude floral oil is not the ultimate condition for the pollination shift. The presence of free fatty acids without any substitution in other floral oils (like Malpighiaceae, Krameriaceae and Orchidaceae etc) suggest that the presence of pterandric acids is not the only factor responsible for pollination shift, but rather the total composition of the floral oil has to be considered, i.e., quantity and quality [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Our results demonstrate the presence of a novel and unique fatty acid (pterandric acid) in the floral oil of P. pyroidea having a 5,7diacetoxy substitution pattern with an anti-relative configuration. The lack of a substituent at the β-position may be the chemical clue toward the attraction of pollinators. Solvents: All solvents were of PA purity (brands of SYNTH), which were either distilled or bidistilled before use.
Experimental

Instruments:
The NMR spectral data were acquired with an 11 T Varian Inova spectrometer, operating at 499.88 MHz for 1 H NMR and at 125.71 MHz for 13 CNMR. CDCl 3 was used as solvent, and tetramethylsilane (TMS; 0.0 ppm.) as an internal reference (δ 0.0 ppm). Chemical shifts (δ) were recorded in ppm and coupling constants (J) in Hz.
Electrospray ionization mass spectrometry (ESI-MS) was performed using a LTQ-Orbitrap hybrid mass spectrometer (Thermo Fischer Scientific, Bremen, Germany). Nitrogen gas was used for nebulization, desolvation, and for the collision induced dissociation (CID). The sample was diluted in methanol and infused at a flux of 10 μL/min and detected in the positive ion mode. Sheath gas= 8, spray voltage= 3.5 kV, capilar voltage= 43 V, capilar temperature 275°C. Full scan experiments (range m/z 100-1300) were performed in both the linear trap as well as the Orbitrap. Masses were acquired as profile data at a resolution of 30,000 at m/z 400. The Automatic Gain Control (AGC) ion population target in full scan MS was 50,000 for LTQ-MS and 500,000 for Orbitrap-MS and the ion population target for MS was set to 10,000 for LTQ-MS. Mass data were analyzed by Xcalibur software (Thermo Finnighan).
Analyses of gas chromatography-mass spectrometry (GC-MS) were performed using an Agilent 6890/Hewlett-Packard 5973 GC/EI 
